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[DEVICE AND METHOD FOR 
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LOCKED LOOPS] 

Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 91 1 05831 , 
filed March 26, 2002. 

Background of Invention 

[0001 ] Field of Invention 

[0002] The present invention relates generally to phase locked loops. More particularly, 
the present invention relates to a device and method for measuring jitters in phase 
locked loops. 

[0003] Description of Related Art 

[0004] Due to rapid progress in electronic technologies, all kinds of electronic devices 

have been developed to ease our daily life. As electronic devices continue to improve, 
people rely upon the operational stability of the devices heavily. Phase locked loop 
(PLL) is one of the most commonly used electronic devices in the technologies, a PLL 
contains essentially a phase detector, amplifier, and voltage-controlled oscillator 
(VCO). A few of its applications are tone decoding, demodulation of AM and FM 
signals, frequency multiplications, frequency synthesis, pulse synchronization of 
signals from noisy sources, and regeneration of "clean" signals. The jittering content 
of a phase locked loop is one principle factor that affects the phase locked loop 
performance as well as circuit stability. Hence, the jitter within a phase lock loop 
signal must be carefully monitored. 
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[0005] In the past, signal jitters are often monitored visually through an oscilloscope or 

other instruments. In a visual inspection, minor differences may escape our visual 
detection and the observed jitters are difficult to measure. Moreover, apart from the 
need of operating a complicated instrument for jitter measurements, the measured 
results are not available to be used by other circuits within the same device, unlike a 
built-in device. 

Summary of Invention 

[0006] Accordingly, one object of the present invention is to provide a device and a 
method of measuring the jitters carried within a phase locked loop signal. Jitters 
between a phase locked loop input signal and output signal are measured and 
quantified through a simple built-in circuit inside the device system and the measured 
results are distributed to other circuits so that the jittery condition and hence circuit 
stability is improved. 

[0007] To achieve these and other advantages and in accordance with the purpose of the 
invention, as embodied and broadly described herein, the invention provides a device 
for measuring the jitters within a phase locked loop signal. A phase detection circuit 
inside the phase locked loop provides a first phase difference signal and a second 
phase difference signal. The device for measuring jitters in a phase locked loop signal 
includes a phase relationship detection unit and jitter-level output unit. The phase 
relationship detection unit outputs a phase relationship signal that represents the 
phase difference between the input signal and the output signal according to the 
phase relationship between the input signal and the output signal. The jitter-level 
output unit generates a jitter-level output signal that represents the amount of jitter 
between the input signal and the output signal according to the first phase difference 
signal, the second phase difference signal and the phase relationship signal. The 
jitter-level output signal is directly proportional to the absolute value of the difference 
in pulse width (or duty) between the first phase difference signal and the second 
phase difference signal. 

[0008] 

In one embodiment of this invention, the phase relationship detection unit 
includes a triggering circuit and a D-type flip-flop. The triggering circuit receives the 
input signal and produces a triggering signal when a triggering transition of the input 
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signal is encountered. The D-type flip-flop receives the output signal as data input 
signal and the triggering signal as a clocking signal to produce a phase relationship 
signal. The phase relationship signal is used to distinguish between the conditions of 
having the phase of the output signal leading the input signal and having the phase of 
the output signal lagging behind the input signal. The triggering signal includes a 
delay circuit and a XOR gate. The delay circuit receives the input signal and delays the 
input signal by a predetermined period before releasing the signal as a delayed input 
signal. The XOR gate receives the input signal and the delayed input signal and 
performs a logic operation to produce the triggering signal. In an alternative 
embodiment, the triggering circuit directly uses the input signal to serve as the 
triggering signal. 

[0009] 

In a second embodiment of this invention, the jitter-level output unit includes a 
first multiplexer, a second multiplexer, a first low-pass filter, a second low-pass filter 
and a subtraction unit. The first multiplexer receives the first phase difference signal, 
the second phase difference signal and the phase relationship signal. When a phase 
relationship signal that indicates the phase of the output signal leading the input 
signal is received, the first multiplexer selectively outputs the second phase difference 
signal as an output signal from the first multiplexer. On the other hand, when a phase 
relationship signal that indicates the phase of the output signal lagging behind the 
input signal is received, the first multiplexer selectively outputs the first phase 
difference signal as an output signal from the first multiplexer. Similarly, the second 
multiplexer receives the first phase difference signal, the second phase difference 
signal and the phase relationship signal. When a phase relationship signal that 
indicates the phase of the output signal leading the input signal is received, the 
second multiplexer selectively outputs the first phase difference signal as an output 
signal from the first multiplexer. On the other hand, when a phase relationship signal 
that indicates the phase of the output signal lagging behind the input signal is 
received, the second multiplexer selectively outputs the second phase difference 
signal as an output signal from the second multiplexer. The first low-pass filter 
receives the output signal from the first multiplexer and converts the signal into a first 
low-pass output signal. The second low-pass filter receives the output signal from the 
second multiplexer and converts the signal into a second low-pass output signal. The 
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subtraction unit receives the first low-pass output signal and the second low-pass 
output signal and computes a pulse width difference value to produce the jitter-level 
output signal. 

[0010] In a third embodiment of this invention, the first phase difference signal is 

asserted at the data transition points of the input signal and de-asserted at the next 
triggered transition state of the output signal after the generation of the second phase 
difference signal. The second phase difference signal is asserted at the next non- 
triggered transition state of the output signal after the data transition of the input 
signal. The second phase difference signal is maintained for a full cycle period of the 
output signal. 

[001 1 ] In a fourth embodiment of this invention, the first phase difference signal is 

asserted at the triggering state transition point of the input signal when the phase of 
the input signal leads the output signal. The first phase difference signal is de- 
asserted at a subsequent triggering state transition point of the output signal. The 
second phase difference signal is asserted at the triggering state transition point of 
the output signal when the phase of the input signal lags behind the output signal. 
The second phase difference signal is de-asserted at a subsequent triggering state 
transition point of the input signal. 

[001 2] This invention also provides a method of measuring the jitters within a phase 

locked loop signal so that the jitters between the phase locked loop input signal and 
the output signal may be quantified. The method includes the following steps. First, a 
first phase difference signal and a second phase difference signal are provided. A 
phase relationship signal capable of indicating whether the phase of the output signal 
leads or lags the input signal is obtained. According to the phase relationship signal, a 
jitter-level output signal capable of indicating the difference in pulse width between 
the first phase difference signal and the second phase difference signal is obtained. 

[0013] j n b r \ e f f th e device for measuring the jitters within a phase locked loop signal has 
a simple circuit design and is capable of quantifying the jitters between the phase 
locked loop input signal and the output signal. Moreover, the simplified circuit may be 
incorporated into the system to form a built-in device that provides measured data to 
other circuits. Ultimately, jittery condition and hence stability of the phase lock loop 
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circuit is improved. 

[0014] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[001 5] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[0016] Fig. 1 is a schematic diagram of a phase locked loop; 

[001 7] Fig. 2 is a block diagram of a phase detection circuit inside a phase locked loop 
according to a first preferred embodiment of this invention; 

[001 8] Fig. 3 is a block diagram of a phase detection circuit inside a phase locked loop 
according to a second preferred embodiment of this invention; 

[001 9] Fig. 4 is a block diagram of a jitter-measuring device for a phase locked loop 
signal according to one preferred embodiment of this invention; 

[0020] Fig. 5 is a diagram showing various waveforms produced by the phase locked loop 
and the jitter-measuring device according to the first preferred embodiment of this 
invention; and 

[0021] Fig. 6 is a diagram showing various waveforms produced by the phase locked loop 
and the jitter-measuring device according to the second preferred embodiment of this 
invention. 

Detailed Description 

[0022] Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 
refer to the same or like parts. 
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[0023] Fig. 1 is a schematic diagram of a phase locked loop 1 00. As shown in Fig. 1 , an 

input signal S . is sent to the phase locked loop 1 00 and an output signal S is 
in out 

produced by the phase locked loop 100. The phase locked loop 100 is commonly 
used in various types of electronic circuits. A phase locked loop contains essentially a 
phase detector, amplifier, and voltage-controlled oscillator (VCO), as well as a charge- 
pump circuit. A few of its applications are tone decoding, demodulation of AM and FM 
signals, frequency multiplications, frequency synthesis, pulse synchronization of 
signals from noisy sources, regeneration of "clean" signals, clock recovery and 
waveform shaping of clocking signal during data transmission. When the phase locked 
loop needs to recover clocking signal during a data transmission session, the 
transmission data signal whose clocking signal needs to be recovered is fed to the 
input terminal S so that the recovered clocking signal appears at the output 
terminal S . When the phase locked loop serves as a frequency multiplier of the 

clocking signal or a wave-shaper of the clocking signal, both the input signal S and 

in 

the output signal S are clocking signals. 



[0024] 



Fig. 2 is a block diagram of a phase detection circuit inside a phase locked loop 

according to a first preferred embodiment of this invention. In this embodiment, the 

phase locked loop serves as a clock recovery function during data transmission. 

Hence, transmission data signal that requires a clock recovery is fed to the input 

terminal S . while the recovered clocking signal is output from the output terminal S 
in 

. As shown in Fig. 2, the phase detection circuit 200 receives the input signal S 
out H y in 

and output signal S and generates a first phase difference signal (PDUP) and a 
out 

second phase difference signal (PDDN). The phase detection circuit 200 includes three 

D-type flip-flops 210, 220, 230, two XOR gates 240, 2 50 and an inverter 260. 

However, there is no limitation to the type of devices selected. Other circuits capable 

of outputting a first phase difference signal (PDUP) and a second phase difference 

signal (PDDN) that match the waveform relationship with the input signal S and the 

in 

output signal S may be employed. Fig. 5 is a diagram showing the waveforms 

produced by the phase locked loop and a jitter-measuring device according to the 

first preferred embodiment of this invention. As shown in Fig. 5, the first phase 

difference signal (PDUP) is asserted at the data transition points 510, 550 of the input 

signal S . . The first phase difference signal (PDUP) is de-asserted at the next 
in 
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triggered state transition points 530, 570 of the output signal S (for example, 

out 

positive edge triggered here) after the transitions 520, 560 of the second phase 

difference signal (PDDN). The second phase difference signal (PDDN) is asserted at the 

next non-triggered transition pints 520, 560 of the output signal S after the data 

out 

transition points 510, 550 of the input signal S have occurred. The second phase 

in 

difference signal (PDDN) is maintained for a full cycle of the output signal S 

out 

[0025] Fig. 3 is a block diagram of a phase detection circuit inside a phase locked loop 

according to a second preferred embodiment of this invention. In this embodiment, 

the phase locked loop serves as a waveform shaper of the clocking signal. Hence, the 

clocking signal to be shaped is input through the input signal terminal S and the 

in 

shaped clocking signal is output from the output terminal S . As shown in Fig. 3, 

out 

the phase detection circuit 300 receives the input signal S and the output signal S 

in 

and produces a first phase difference signal PDUP and a second phase difference 

out 

signal PDDN. The phase detection circuit 300 includes two D-type flip-flops 310, 320 

and a NAND gate 330. However, there is no limitation to the type of devices selected. 

Other circuits capable of outputting a first phase difference signal (PDUP) and a 

second phase difference signal (PDDN) that matches the waveform relationship with 

the input signal S and the output signal S may be employed. Fig. 6 is a diaqram 
in out 

showing the waveforms produced by the phase locked loop and the jitter-measuring 

device according to the second preferred embodiment of this invention. As shown in 

Fig. 6, the first phase difference signal (PDUP) is asserted at the triggering state 

transition points 61 0, 630 of the input signal S when the phase of the input signal S 

in 

leads the output signal S (positive edge triggered in the example). The first 
in out 

phase difference signal (PDUP) is de-asserted at the subsequent triggering state 

transition points 620, 640 of the output signal S . Similarly, the second phase 

out 

difference signal (PDDN) is asserted at the triggering state transition points 650, 670 
of the output signal S when the phase of the input signal S . lags behind the 
output signal S . The second phase difference signal (PDDN) is de-asserted at the 
subsequent triggering state transition points 660, 680 of the input signal S 

in 



[0026] 



According to the waveforms of the input signal S , the output signal S , the 

in out 

first phase difference signal (PDUP) and the second phase difference signal (PDDN) 
shown in Figs. 5 and 6, the absolute value of the difference in pulse width (or duty 
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cycle) between the first phase difference signal (PDUP) and the second phase 

difference signal (PDDN) is directly proportional to the jitters of the input signal S . 

in 

and the output signal S . When the phase of the output signal S leads the input 

out out 

signal S . , the pulse width of the first phase difference signal (PDUP) is smaller than 
in 

the pulse width of the second phase difference signal (PDDN). On the contrary, when 
the phase of the output signal S ^ lags behind the input signal S . , the pulse width 
of the first phase difference signal (PDUP) is larger than the pulse width of the second 
phase difference signal (PDDN). 

[0027] Fig. 4 is a block diagram of the jitter-measuring device 400 for a phase locked 

loop signal according to one preferred embodiment of this invention. As shown in Fig. 

4, the signal jitter-measuring device receives the input signal S whose signal jitter 

in 

needs to be quantified, and the output signal S from the phase locked loop 100 

out 

and the first phase difference signal (PDUP), second phase difference signal (PDDN) 

from the phase detection circuit as shown in Fig. 2 or 3. The signal jitter-measuring 

device outputs a quantified jitter output signal (jitter-out). The jitter-measuring 

device 400 of the phase locked loop includes a phase relationship detection unit 405 

and a jitter-level output unit 402. The phase relationship detection unit 405 receives 

the input signal S and the output signal S and outputs a phase relationship 
in out 

signal (jit-shrt) that indicates whether the phase of the output signal S leads or 

out 

lags the input signal S . Refer to Figs. 5 and 6 for the waveforms. When the phase of 

in 

the output signal S leads the input signal S . , the phase relationship signal (jit- 
out in 

shrt) is high. On the other hand, when the phase of the output signal S lags 

out 

behind the input signal S , the phase relationship signal (jit-shrt) is low. The jitter- 
in 

level output unit 402 is coupled to the phase relationship detection unit 405 for 
producing the jitter output signal (jitter-out) that represents the jitter between the 
input signal S . and the output signal S ^ according to the first phase difference 
signal (PDUP), the second phase difference signal (PDDN) and the phase relationship 
signal (jit-shrt). Size of the jitter output signal (jitter-out) is directly proportional to 
the absolute value of the pulse width difference between the first phase difference 
signal (PDUP) and the second phase difference signal (PDDN). 



[0028] 



The phase relationship detection unit 405 of Fig. 4 includes a triggering circuit 
490 and a D-type flip-flop 480. The triggering circuit 490 receives the input signal S 
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. and asserts a triggering signal T when the input signal S contains transition- 
in in 

triggering points such as 510, 550 in Fig. 5 and 660, 680, 610, 630 in Fig. 6. Note 

that the triggering circuit 490 in Fig. 4 is applicable to both the first preferred 

embodiment in Fig. 2 and the second preferred embodiment in Fig. 3 of this 

invention. The triggering circuit 490 includes a delay circuit 460 and a XOR gate 470. 

The delay circuit 460 receives the input signal S . and delays the input signal S by 

in in 

a period to produce a delayed input signal S , . The XOR gate 470 is coupled to the 

ind 

delay circuit 460 for performing a logic computation of the input signal S and the 

in 

delay input signal S and outputting the triggering signal T. In the second preferred 
ind 

embodiment of Fig. 3, the input signal S . is directly used as the triggering signal T. 

in 

The D-type flip-flop of the phase relationship detection unit 405 receives the output 

signal S as data input and the triggering signal T as a clocking signal to produce 
out 

the phase relationship signal (jit-shrt) waveform as shown in Figs. 5 and 6. 

[0029] 

The jitter-level output unit 402 includes a first multiplexer 41 0, a second 

multiplexer 420, a first low-pass filter 430, a second low-pass filter 440 and a 

subtraction unit 450. The first multiplexer 41 0 receives the first phase difference 

signal (PDUP) and the second phase difference signal (PDDN) and uses the phase 

relationship signal (jit-shrt) as a multiplexer selection signal. When the phase 

relationship signal (jit-shrt) is high (indicating the output signal S leads the input 
Q J out 

signal S . ) the second phase difference signal (PDDN) is chosen as the output signal 
in 

(jit-up) from the first multiplexer 410. Conversely, the first phase difference signal 

(PDUP) is chosen as the output signal (jit-up) from the first multiplexer 410. Similarly, 

the second multiplexer 420 receives the first phase difference signal (PDUP) and the 

second phase difference signal (PDDN) and uses the phase relationship signal (jit-shrt) 

as a multiplexer selection signal. When the phase relationship signal (jit-shrt) is high 

(indicating the output signal S leads the input signal S ) the first phase 

out in 

difference signal (PDUP) is chosen as the output signal (jit-dn) from the second 
multiplexer 420. Conversely, the second phase difference signal (PDDN) is chosen as 
the output signal (jit-dn) from the second multiplexer 420. Nevertheless, the output 
signal (jit-up) inside the jitter-level output unit 402 with respect to the second 
preferred embodiment in Fig. 3 can simply be generated alternatively by OR-gated the 
first phase difference signal (PDUP) and the second phase difference signal (PDDN). 
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The first multiplexer output signal (jit-up) and the second multiplexer output signal 
(jit-dn) pass through the first low-pass filter 430 and the second low-pass filter 440 
respectively. The first low-pass filter 430 and the second low-pass filter 440 are 
resistance-capacitance (RC) low-pass circuits, for example. The subtraction unit 450 
computes a difference value (representing the difference in pulse width between the 
first phase difference signal (PDUP) and the second phase difference signal (PDDN)) 
and produces the jitter-level output signal (jitter-out) that indicates the jittering level 
of the phase locked loop. 

[0030] A method of quantifying the jitters between the input signal S and the output 

in 

signal S of a phase locked loop can also be derived from the aforementioned 
out 

jitter-measuring device. First, a first phase difference signal (PDUP) and a second 
phase difference signal (PDDN) are provided. A phase relationship signal (j»t-shrt) 
indicating whether the output signal S leads or lags the input signal S . is 
obtained. According to the phase relationship signal (jit-shrt), a jitter-level output 
signal (jitter-out) directly proportional to the absolute value of the difference in pulse 
width between the first phase difference signal (PDUP) and the second phase 
difference signal (PDDN) is acquired. 

[0031] In conclusion, the phase locked loop signal jitter measuring device and method 

according to this invention requires no imprecise visual inspection or complicated 
measuring instruments. A simple circuit is used to quantify the jitter between the 
input signal and the output signal of the phase locked loop. The simple circuit may 
integrate into the system and information regarding the measured jitter level may 
distribute to other circuits so that jittery condition and hence circuit stability is 
improved. 

[0032] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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